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Abstract of JP4297023 

PURPOSETo improve the crystallizability and surface 
morphology of a gallium nitride compound semiconductor, 
and to grow the gallium nitride compound semiconductor 
stably with excellent yield. 

CONSTITUTION:The crystal of a gallium nitride compound 
semiconductor is grown on the surface of a buffer layer 
shown in general formula GaxAlx-1N (where (x) is kept within 
a range of 0<x<=1 ). The crystallizability of the gallium nitride 
compound semiconductor grown on the surface of the buffer 
layer can remarkably be improved. 



Ga X *h-\ n CRYSTAL 



BUFFER LAYER G0 X % H N 



SAPPHIRE 
SUBSTRATE 



(0<XSI) 



f i a i 



http://v3.espacenetxom/textdoc?PRT=yes&sf=n&FIRST=l&F=8&CY==ep&LG=e... 01/06/2004 



<i9>H*mwwr (jp> (12) 5j 1 id ^ t (A) (nwftmm&mmn 

#^¥4 -297023 

(43)&i§B ¥^4^(1992) 10^21 H 

m&imn frftiEs*-^ f i mmTjmm 

7739 -4M 
C 8934 -4M 
9170-4M 



(21)fflg#*t 


^¥3-89840 


(JDtHmA 


000226057 








BMfl^IfjUfciC^t 


(22)fcBSB 


¥f£3*f(1991) 3E27 B 




1gS»KFSm±*Brit949lS«l00 










(31)flBfetfci3I#^ 


#ig¥3-32259 




®Smpgpgr&Ji*irriBJ491#%100 B»fc 


(32)flBfcB 


¥3 (1991) 1E31 B 






(33) msemaasm 


B* (JP) 


(74) tm A 





(54) mw<D%,m &{ti!<)'?&mfcG'&¥m#.<o%i&i$.&ijm 



(57) 

[fltffc] — W&M. GaiAli-,N (filxH0<x 



(51)IntCl. 5 
H0 1L 21/205 
33/00 

//HOIS 3/18 



—119— 



(2) 

1 

c»;fcJBi] BL^mmmizEL^^mmv, est? 
u *A*fc^&¥iJi#©iKll£^ft$i**#£i::*su 

T, mUn-yyrm<n—Wt.^.1)\ GaiAli-iN (fib 

xtto<x^icDteH-ea&s) -e^^nsrt^t 

[81*312] iS©±l;, -®SC3&tGaiA li-,N 

«abxteo<x^i©«8B-e*£., ) T^stisny 

A^£%¥3W£©*SiiJ£6*i!£. 
K^GaiAh-iN (fibx«o<x^i©«6H-r* 
y 77l«)±i:Sft^U A^b-&^¥3l#£f£g£ii- 

seas. 

[»*14] KIBn<>7T^©JP3*«0. 0 0 2/Ltm 

[5glH©i«8ftIB91] 
[0 0 0 1] 

[£MS-k©fiJffl#»] *lillt7 7-f7«OM± 
#£ifgiM*©fim&gfc#y^A&¥##fls 

[00 0 2] 

«*.«. — «5£# [GaiAli-iN m 30 
U XttOSX^l©«6Hlca&5) ] ©WfeSS^A-f 

x#aBsm:v>s. mzi3vvj±m\:ei®i¥mfr<om 

(KTMOCVDStV^. ) ^«t<ffl6nTV»5. C 

©TjStt-y-^T-YT^s^iagbfcs^si^c s>& 

£*5«J:-e9 0 0*0-1 1 0 0"C©iSiat?«^bT, as 
±Cfl;-&*Sj##^«Sa©xtf^^^rJ^^gS-&^ 

SSg-g-fcfcJu III;&#X£bTHJ;*^W!fy<7A<»:. V 40 
t bT7 >t-7 #X <h fc&ffl-T 
[0 0 0 3] Cl©«t5CUT^S$i3r&^b^U'?A^ 
fc^¥«#©Xfcf**S^;i,Ji£§j^5VWX 1 fcbT 

[0 0 0 4] MOCVDfe^fflVJTU-7T-f7* 
^.hfcffiSUfcgSnfc, WAaGaNiOSMti, 6ft 
b^Ss/Ftt, ^^Lfi6Atttt©^g/^->t^t3 
TM»©IHJi£b*^^, ^©SBB^E^^nv 5 — ^i^tl 



4$gfi¥4-2 9 7 0 2 3 

2 

[0005] £©«fc5fcffig£flPft-r-5fc&t::. aftsr 

U^A^k-&^3lfl:©«gS*^g^-a-^Wt, £«.h 
\ZA 1 N©A*-y7 7-^*^g3U^7Jffi**g|g^nTVi 
& {Appl.Phys.Lett 48, (1986), 353, (T~/y^f H 7 
<iX4v97. I/^-X4 8f. 1 9 8 6$, 3 53 
K, *5«fcCW 2 - 2 2 9 4 7 6^&I8} „ £©77£fc 
tt, t77"f TS«±fC. MiS4 0 0~9 0 0t© 
teilT?, 1 0 0-500 *>^X h D-A© A 1 

NOn-y7rISSWt)<OT$5. d©77ffi^*y7 
7f?*5A 1 NMitGaNSrfKS^-a-.SCtfCfcrD 
T, GaN^^gWilgStt^i^ffit^^n^-S 

[0 0 0 6] 

M1 00-50 0^->^Xha-At*mtc»meH 
IC&&fc^t-£ i &I&ft<<&5;fcaCK ^OA«y7 7)l*, 
7cS«t©1i-7r-f 7Sfi. 09;UfiK)5 0mm*Ot77 
-fT&S-L^SKU i%— »C-3S©Kfft?^-r^Ct*t 
l/fc*«t3T, f©;?77 r@©±(c^-T 
S^fbtf U •? A^fc^j¥«<£©il8&1i-*5«fct*3?Bi ; &7 

©ifeStt»4*fc*Slffl tt&a^-f K . I— if* 

[0 0 0 7] *5§K«C©«fc5ft:**&^T*Stlfc 
SS-tirS^b^U «7ASft;-&(gj^#«:©i!gSttfe < i:tf* 

€?*&&©> ^S77j£«S«-r-5t>©T*-5. 
[0 0 0 8] 

[®S^/»ftf Sfcae>©^g] sHBHCDSMbtru^A* 
lb^<fe#»fr©«SS^S77)*tt, K&£g§l*9lCKJS#X 
&«*&b. fitaT?j«S$ii:5A'^7Tg©±tc, JUST? 
SS3*SSIb^U ^A^b^«J¥3M*:©il§B&J&g£ 
it-£7jj*Tifer>T» *5l2A-y7rS©— «iC*«GaiA 
1 1 - 1 NTSStlS i t t,OT*5. fib 

X«0<X^ 1 ©ftfflfcWJtStl*. 

[0 0 0 9] WfBAy7r^©JP^«0. 0 02tfm£t 
Jb. 0. 5(imE(T. $^lt»Sb<ttO. 0 1-0. 
2/im©«5fflfcPSf-5. -?-©J¥$*i0. 0 2/zm.J;?) 
»<, Sfc, 0. 5Mm«kDJ?^i:. ny77SC±C 

*ai?—i)m<tez>m&\z$>z>. 
[ooio] *ftf&aarw 77lo«filStt2 o ot: 

«±9 0 0*Ce(T, »*b<«4 0 0-8 0 0-C©S8H 



—120— 



3 

\zmm-rz>* aootiDfiv^, /^yymffij&mv 

\Z<<, £fc9 0 O'CJcDiS^i:, /t?7rJB#¥ISB 
[0 0 11] 

[«U8] ^lCGaiA li-xN (0<X^1) S/ty7 
£^-T#rM0£^U 0 2 KlA 1 N^/ty77ltL 

*«BB««*SVifcJ6 % t£&Jk<rtyyym&&V&fcX 

[0 0 12] t^5*CAlN$;b7r-ittTgft 

Solid Films. 163, (1988), 415 0>>f> VUyH T7 
>r;i/AX 1 6 3#, 1 9 8 8^, 4 1 5H) , *S<fctf 
Appl.Phys.Lett 48, (1986) , 353 H 7^X>r 

^^X 4 8i, 1 9 8 6¥> 3 5 3S) ^ 

\zmv<m^ttx^f)^ *ti*><D$m\zmmt£nT 

So 

[0013] ®m me o ot:) -Cf$g<*it:SA 1 ni* 

^c^fc^ji o o oic^^Tms^i^is, s^ffi^n 
tcmjKs^TSo wftmzmm§,{tvrzt$ft&. 100 

G a N CO Aft ttCD*£g7W&g Ltt^^tV^rtS 
TN&So 

[0 0 14] *^i5ICGaxAh.iN (0<X^ 
1) $n^77ltLTMlfc«&$«©A 1 N 

[0015] Jfn^rlt^ fll;t«x=i cog 

aN^Mt^S^^iSt, GaN(DM«110 

OmD, A 1 NcDBt^tttl 7 0 0t:T&So 

J6 6 0 Ot^TGaNCDAy^r^Sr^-rSt, Ay7 

ri^KSloi^fitS,, ^{reicD^acDGaN 
/ty 7 7 J1<D JifcG a NCDXtf ^^->t;H^St^ 
fcfcfcl 0 0 OttTlS^ii^t, GaN©/^7 

AlN^7rI^:Ufc 

[0 0 16] td^A 1 N^^77ia:l/TMLfc 



(3) #5B¥4-2 9 7 0 2 3 

© A*7 7 7l^GaN&©T, -^0D±lCG a NC0X tf 

[0 0 17] El-t<DZ£&mm*tZ>tcib. A 1 N, Ga 
0.5AI0.5N, GaN(D3iS(Z)AV7 7i&6 0 0<C 
T^n^ni^^T-TTS^-h^^U -e<Z>-k£ 1 0 0 
i0 0 DTG a NIK 9*rz/*)Vm& 4 mGOJP^TJ&gb 
G a NXlf^^ y t JHO^^W UX^^ 
X^D-/^>^n-/^>^— y<D¥ffill3 (FWMH : 
full width at half-maximum) h/^yyy^M<D\SMMt. 

<Dm&*jft*brcw&m3\zm~?o FWMHkt/j^wa^ 

[0 0 18] IS3l;:^T<k5lCGaN£A9:7 7JI£b 
Gao.sAlo.sN^Wc&lU ±E*§K 

2? [0019] ^yy^rwsL^z^m^ 

SGaNA^77i©if^, ^StC^OLhKGa 
N<^Xt!^^r^^;i/@^4Mmj«^$ii:^:S'&(D, Ga 

^t, 14^50 7^^111, A t ^7 7Sf$«0. 0 
0 2 Mm, 0. 0 7 /im, 0. 2 0» (/b 

^rJSffitb) Tf&So 

[0020] z:n*><Dm&M>X'hftfrz>j:5\z. n?y 
ym&tz^m&\t. mm\z6fi&vt<Dm®&mnz>. n 

yy ym&fc&-rz>!gi<D&mzh£.Z>i)\ rtyyym* 

30 w^^\zvtzLifi^x^mt^mm^—\zu^m^f)^ 
So vfrisrtyyTm&mt&zti. mm<otm mm 
±y*uz?-) &m<i3LZ>tm\z$>z>o Lfc^otff^ 

PiUT&So 

[0 0 2 1] ^^*%W0»Mg^Sl: ( I;SAy77 

m<D±\Z. pM^JW^feSMg^F-^n^p^G 
^ aN0Xe^+yt;H^MLfc^®& ?»i2nSG 
aNXb!^*yt;H0iW777i««U ^(Z> 
A^^rB^ifcp^GaNXtr^^rv-^^S^g^ 
iirSC^fcT^So 
[0022] 

<o\zWfe-?2>*><Dx\tte\,*. zv>ftm<Df&&jjmt. m 
so nm&<n&m\z&^Tn*o&w&im7Lz>z.£tfxz 



—121— 



5 

[0 0 2 3] El 8 \Z7K-?mS&m t^Tgfctf U VA&tt. 

i -tasciMsre 5 t^e., s^sg i ftic^L-^ds 

€> ii©«S6*l O^K^ltb, U-7r-fy*«*ffi© 

<s> jfcfcu-ir:/^— 2©jas^5 o cc*-cTtfT. ia 

© i^^TiiJiSWW5^&H2iN2©ii^X&«i|i& 
U M^X«l4«F4d^7> ; 6nT«Xi:H^X© 

tN 2 ^x©itatt j en-€ ; ni o Y)\,/k. sjs# 

X«MS4#$#y6T57>^x;r;#X©«Efi«4 U y 
MWSh H 2 #X©giE§tt 1 U y Y)V/ftt. U £© 

<Z> -£©&, Ay7r-I«»)St5ft6. EJ&ffX"® 
S*©4*>£7>^X7#X<hH J :#Xl;:jD*.-T\ TMG 
(h'J^?MU>?A) #X£2. 7X1 0- 6 

3-ci#ra«rr. 

it©*. iC-t?KJ¥0. 0 2 «m©Ay77l«-C 
$eiC^©^XttJSL^*ie-9-fe^— 2©S« 

® 2 ©ffift** 1 0 2 Ot;S-TM:#ls&K. 

SJfctfXiSltW 4 7 >>E=.7j!fX £ Hj #X .Cjn*. 
T. TMG#X&5. 4X1 0- 6 : E)V/'ft<Dffi,&V 6 
0#BB{fc8&bT> GaNimi/tJUS, 4. O/t 
mOKjr?j£ft3tt«. £©|B), MUttF5;0>&*l:H 
i£N,#X&lW»©&#T?«f&b8g,T\ E^X-CSJS 

TleIteS-&^. fc£M§£8©;i #X£#«a 

6, mbTV>«#Xftft*MkUlTV>«. ±i2©«fc 
5tUTtf:7:r-r7 , »K±fc. IJIO. 02/*m©Ga 
Nn!/7rB. -?-©JifC4ura©GaNXfcf^^^-fr;i/ 

[0 0 24] [Jt&09 1 ] @©A <y 7 r 
fil:*V»T. A 1 N©/ty7rI*0. 0 2/im©&JS 



(4) #!8 s P4-2 9 7 0 2 3 

6 

Tmv>±\Z4 wm©GaNXtf^^v-vJl'^^g$-& 

X"g#t«4 eT^-TifXtH. # X \ZMX 
T. TMA (hU^.JWT^SXtfA) £2. 7X10 

to o 2 5] Afia^jimesa-vfr^ *?m\z 

i0 »«©B!rt»*SSTHS, H9*5J:tfEll Ofc^T. 
*lilffl9, ItttMttHlO. *tU7WW». # 

[0 0 2 6] /> F-7"»i!SS^Lfc«^H:*t'J 

< £&tiMmK#VN£ Hit **f. 

[0 0 2 7] *3g91tC«i:2>GaN«. ^-vUTjftS*«4 
X 1 O^/cm 3 . ^SdS 6 0 0 en* /V- sec H 
ffi&TR-T. — 3&, A 1 N^A-y^rStbfcJtlSEWl 
tt, *t'J7iSS*Ux l O^/cm', 
a? *<J9 Octf/V-secTfa&ofe. 

[0 0 2 8] «iS««| 2 ] @©/t?/ 7riSfM5I 
glC:fe<AT, Gao.BAlo.!N©;ty7rii£0. 0 2 
ttm©KJP-C^-TS£W1.tt. gdtm&RttCLTST 
^77lO±tGaNlt:^i/vJl'@SMbfc. ft: 

t-7»Xt, H*#XteiH*.T, TMGS2. 7X1 

o- t: t)v/». TMA5&2. 7 x i o-^jiy^-v^n 

30 u ±rc.mwLsmm\z^mm^:y*az?— tmsmi 
m £©«mc<fc8rr*fc©-cj&o;fc. 

[0 0 2 9] «JSCJ3] ©ir*^TA*^77--S©^ 

gia££6 0 ottu ®©^fxet^*2. 5»fflC 
SAT. /ty7yJB©KJPS0. 0 5 jtmttSffili 
ftttMl tHil:l/TG aNl 
fe„ tCGaNxW^ytJUfe^S^^ay-B 
SUSfSltR*. X«Dy^>^j!7-^©i|ifinj«3» 

40 «3jit|si^-e*o&. 

[0 0 3 0] »GKM4] ®t«V>Trty77-IO« 

sias«8 o oictrstetts jdmi trasitbTG 

aNXhr^^->^;i/P^gLfc. ^©GaNXtf^^ 

y*>^*-^©¥«rUtt3»t«n&ISatt*^L, 

[0 03 1] [SHKffl 5 ] ®©/ty 77®§Mt«I 
SfctVJT, iiSfl2^MiO$#T, Gao.sAl 
i. s N©/iy77lS0. 0 2 jtim©&JST?Bj£U ® 
50 fc*V»T» S^X«StW4^ST> ; EXT^XtH l 



—122— 



I 



(5) 

7 

tfXCttlAT, TMA#X£2. 7X10" S W». 
TMG#7.£2. 7 X 1 0' 5 ^/^©SSfiT 6 O^K 
{fcJ&LT, Ga.. 5 Ah. s NlW*>'tMS4. 0 

•y-77"fTS«±t, &JPO. 0 2/im©Ga,. f A 1 
o. tN/iy77@t, •€-<D±td4tfm©Gao.5A h i 
NX£**^v;Wi£f£fi3-Brit. C©Gai. s Al 0 .s 

[0 0 3 2] [*SSW6] ©fcjfe^T* T>*-7^ i0 
X. Hj#X. feO;^TMG^XfCjHl^.T, Cp2Mg 

(tx^D^^^xx^-?^*^.*,) jtfxadKL. 

MeSrH-^LT, pSGaNltf^+->t;H&4. 

TS«±tC, ggJPO. 0 2( 1 mOGaNn 5 '77l, 
©±KMg£l O s °/ciii 3 F— :7Lfc&JP4. 0 Mm© 
pIG aNIfcf^+v'tJUS^Stfc. C©pIG 

*^U7lfl[2. OxlO'Vci 3 . ^ 20 

X\t. ffl*Xp^te^L3t„ ^O^tU^ClW 

■5. 

[0 0 3 3] [#116097] *S6m-e#£JBtJlt4tfmW 

GaNxt!3'*>'^ji'@©_bic. mmwetmrnzi, 

X. mmO. 0 2ftm©GaN/\'77ri. -tfflilCM 
g£ 1 0 J<l /cm 3 F— :7*L&KJft4. O^mOplGa 
NXtf**->-WWl£j£g;s-B:;fc„ iCpSGaNlK 

;mt>, Sffi^E7*n57-tt^ifi091 izm&X 30 
£9, *t'J7j8K3. 5 x 1 0 ls /cm», #!4«8. 
5ctf /V-sect|gi;< pi^tt^SLfc. 
[0 0 3 4] [§SSS0>J8] ®t^^T, 7>€-7fl 
X, H 2 #X, *5«fcl^TMG^XCJn^.T, >-7> (S 

iH.) #X£ditL GaNim->t*ii: 
nl©^lt«7?*5S i £F— yi,T. 4. 0 jttmCDK 

t£. &»0. 0 2^m©GaNn«y7Tl. ^©-hiC, 
S i £*?J1 0 10 /cm 3 H-^"Lfc|gJ|t4 (tm©nlGa 
NXlf^^r^-v^g&^S^Iirfe. MnSGaNIt! 40 

$0, *t'J7i6«l. Ox 1 0 1 »/cB s t*#fc»^ 

[0 0 3 5] LfcfclSiHJil 2 ] A lN©Ay77@£0. 0 

77©©±»C $6.C4jtim©nSGaNXfcf^*->Y 
;Wl£(£&3-B-;fc. i©nlGaNim->^H 
14, **U7S«a«5. OX 1 018/cn'-e*D. Jfci* 



#S,¥-4 - 2 9 7 0 2 3 

8 

[0 0 3 6] 

[HiCD^*] Si±SlWhfc<k5\Z. GaiAli-iN 
(0<X^D 7r^t^^-f-5iitfc<J:t? 

JfefciSHT. ^ift«6 0 0cm»/V-sectVi5flS»> £fls 

26l:A , i»77iSMtSCtl:«j;t.T. -?-©±ic^ 
SS-ttSM g £ F-TX-fcG a NXfcf^S^Hia*. 

^©5aat>*iujcpi!s^-r. z\n\t^<wsf>x(oz.t. 
®*m&<o&ikm^fr\z&nx^z>fr&^-r>b<DX'3!, 

ItnlGaNt,. A 1 Ng/ty 7rStbfct>©Citt!!l 

5|5©A 1 Nn-y^rSlCit^T, *%iffl/V;77)IS 

7 7Ji©JP*©«8BT, ^©Jtt^fiSlt^^b^U^ 
A»fc£%¥##Jf©iBi§.tea*«l;V>. £©fcj&fg#*^ 

&<z>te&&mmvx. -i 

Z. ■ tf-S-e, ^{fclC|RlftT-e©ffljt« 
*«t^^Vit>©*t&«„ 
[0M©ffiHifc«|li] 

[01] *mi(om&fi&d3mzZ:Z>3L\f:9* : Zsv)V 

[02] ae*©i^sjESfi7&«fc«fcsxtf^^->v;^ 
xn— om^a-rimmm®. 

[0 3] GaNXlf^S^I/JB©:^:/;!^^*:^ 
xMn^^>^n5;^>^A-rf©^ffi[rtJ (fwmh) 

[04] GaNXt!^^->^;i/8©i!ga©S|jg<£*-r 

[05] GaNx\±**is*)vm<Dm$k<?)mm&m- 
mwmM®. 

[0 6] GaNXlf^^exv^WiJSSW^igS^-r 

mwmnm. 

[0 7] GaNx£**->^;Wa©||gg©#|j§£«T 

shh£?£0. 

[0 8 ] iz&m vrz.mm<t>mftvmmmm. 
[0 9 ] *mi\z ±S G a N^sw^-^ss^mtt 

0 

[0 1 0] ftmi\Z&Z>G aNi!8Sffl*-;HSl5&i!S* 

T0. 
[«F^©IS^] 
1 • • • 



—123— 



(6) #ffl¥4-2 9 7 023 

9 10 

t— 5^ 7 • • • — 

8 - - - mm/s 

mmsm 



van 



[02] 



A* 7 7 JSC a x A I x.iN 



(OSXS 1 ) 
<0<X£ 1) 



Ga x A lx-tN«j& 



[03] 



W4] 



20 



10 



*v 7 7 -Baas 

# : GaN 



O 

O 

o □ 
□ 



J l — I I t I I ■ F I 



0 o.os aio aJ5 



[05] 



[06] 






[07] 



■^«PL-_ 




j£ST AVAILABLE COPY 

—124— 



*&B§¥4-2 9 7 0 2 3 



ims] [09] 




J 1 1 I I I 

0 5 10 15 20 25 



SB 1 (-»») 

[^10] 




J I I I I I 

0 5 10 15 20 25 

8*181 (mm) 



—125— 



